Table 1. Antibody binding by immobilized creatine kinase
The antibody fraction (less than 6ml) was added to immobilized enzyme (2ml of packed gel). The antibodies were recycled for 2h and the unattached antibodies washed from the gel for 1 h. Specific antibodies were eluted by washing with citric acid (0.1 M, pH2.2). Experiments marked with an asterisk were performed simultaneously. The molecular weights of immunoglobulin G and creatine kinase were taken as 150000 and 82000 respectively. eluted protein; it was found to contain two bands, corresponding to the light and heavy chains of immunoglobulin G molecules, but no creatine kinase; this indicates that the creatine kinase dimer did not dissociate during the elution process. Table 1 presents the results of a series of experiments under various conditions. It appears that the amounts of antibody added in each case are saturating. (It is impossible to exclude the possibility that some other antibodies may be present in very low concentration.) The stoicheiometry of antibody-antigen binding under optimal conditions is 1.43.1. The results of Louvard et al. (1976) show that the number of determinants able to react simultaneously with an antibody for a globular protein of mol.wt. 82000 is expected to be 6. It is possible that in our case the value is lowered by steric hindrance, but it does seem likely that rabbit creatine kinase is a weak immunogen in the sheep. achieved by other physicochemical means, such as isoelectric focusing and salt-gradient elution from an ion-exchange column. We have extended our studies of ampholytedisplacement chromatography to the separation of serum proteins other than alphafetoprotein and albumin, and it is the purpose of this preliminary communication to establish the possible general applicability of this chromatographic technique for the separation of proteins. Ampholyte-displacement chromatography involves the use of an ion-exchange column and the elution of the adsorbed proteins with a solution of carrier ampholytes (Ampholine, LKB Instruments, South Croydon, Surrey, U.K.). Examples of the separations that can be achieved with this technique are shown in Figs. 1 and 2. For each experiment a column ( lOcm x 0.9cm) of DEAE-cellulose (DE-52, Whatman Labsales, Maidstone, Kent, U.K.) equilibrated with 10mM-NazHPO,/NaHzPO, buffer (pH 7.8) was used. Samples of serum or amniotic fluid were applied to the column after extensive dialysis against the phosphate buffer. A flow rate of 20ml/h was used and fractions (1 3 r d ) were collected. Non-adsorbed proteins were eluted in the first ten fractions and then adsorbed proteins were eluted with a solution of Ampholine in the phosphate buffer. Alpha-fetoprotein was measured by radioimmunoassay (Young et al., 1976) . Albumin, transferrin and a,-macroglobulin were measured by single radial immunodiffusion (Mancini et al., 1965) . (Fig. lc) , albumin eluted as a broad peak and alpha-fetoprotein was retained; alpha-fetoprotein and a small amount of albumin were recovered by subsequent elution with 40g of Ampholine/Iitre. Fig. 2 shows the elution profiles of transferrin, a2-macroglobulin and albumin obtained when a sample of human serum (0.5ml) was applied to a DEAE-cellulose column and eluted with pH 4-6 Ampholine-carrier ampholytes (40g/l). Transferrin and albumin are almost completely resolved, and a2-macroglobulin elutes between them. Recoveries of these proteins, and of other proteins studied (results not shown), were better than 90%. Elution with lower concentrations of pH4-6 Ampholine or with a 40g/ litre solution of pH3.5-10 Ampholine, in which the concentration of individual ampholytes is lower, results in a much better separation than that shown in Fig. 2 . Furthermore, the separations that can be achieved by ampholyte-displacement chromatography are much superior to that which can be obtained by salt-gradient elution. Preliminary analysis by immunoelectrophoresis and poiyacrylamide-gel electrophoresis of the eluted fractions, and of 0.3~-NaC1 washes of the column following elution with Ampholine (pH4-6), indicated that several of the proteins retained by DEAE-cellulose were not eluted with pH4-6 carrier ampholytes up to a concentration of 80g/litre. The possibility that these retained proteins can be eluted by carrier ampholytes in other pH ranges is being investigated. The mechanisms involved in ampholyte-displacement chromatography are not understood. However, from our preliminary results it is evident that the separation is dependent on the concentration of carrier ampholytes used for elution and it seems probable that the separation involves both a highly specific exchange between protein and carrier ampholytes, and a continuous process of adsorption and desorption as the protein migrates down the column.
Our initial investigations are encouraging and lead us to agree with the prediction of Leaback & Robinson (1975) that ampholyte-displacement chromatography will prove to be a useful method for protein separation. However, one major disadvantage is the high cost of the carrier ampholytes. It is for this reason that most of our work has been carried out on a semi-analytical scale. Furthermore, we have noticed a batch-to-batch variation of the Ampholine solutions that is reflected by a variable degree of separation, although the elution order of the proteins has remained the same. We ascribe this observation to an imprecision in the manufacturer's estimate of the absolute concentration of carrier ampholytes. The possibility that a variation in the relative proportions of individual carrier ampholytes will lead to alterations of the elution pattern of proteins has yet to be investigated. The mitochondrial DNA of the ciliated protozoon Tetrahymena pyrijormis exists as a linear duplex of size 15pm (Flavell & Follet, 1970) , which corresponds to its kinetic complexity (Flavell & Jones, 1970) . As a preliminary to studies of the organization of transcribed sequences we have determined the locations of the cleavage sites for restriction endonucleases EcoRI and HindIII on the mitochondrial DNA of T. pyriformis syngen 1 ; family A.
Cells were grown essentially as described by Flavell &Jones (1970) and mitochondrial DNA was purified by sucrose gradient centrifugation of phenol-extracted mitochondrial lysates. After digestion with restriction endonucleases, DNA fragments were separated by agarose-gel electrophoresis in the presence of ethidium bromide. DNA bands were detected and photographed under illumination from a short-wave U.V. lamp. DNA fragments were recovered by dissolving the agarose gel in saturated KI solution and adsorbing the DNA to hydroxyapatite (Hayashi et al., 1976) .
The mitochondrial DNA was found to contain seven cleavage sites for endonuclease EcoRI and 14cleavage sites for endonuclease HindIII, the sums of the molecular weights of the fragments generated by digestion with each endonuclease (Table 1 ) being in good agreement with the molecular weight of the intact mitochondrial DNA (28.5 x lo6) determined by sedimentation measurements (I. G . Jones, unpublished work). The positions of the various endonuclease cleavage sites were determined by a combination of several approaches: 1, digestion with both endonucleases; 2, isolation of the individual fragments produced by digestion with one endonuclease followed by their digestion with the other endonuclease; 3, partial digestion of isolated EcoRI fragments with HindIII. With these methods, all but one of the EcoRI cleavage sites and most of the Hind111 sites were located. Final details were determined by digestion with EcoRI and Hind111 of a 7.92 x lo6 molecular-weight fragment generated by a third endonuclease, HueIII. Fig. 1 shows the complete restriction endonuclease cleavage map for EcoRI and HindIII. The apparently identical spacing with respect to each end of the molecule shown by the three most terminal cleavage sites is consistent with the existence of an inverted terminal duplication, a feature already reported to occur in the mitochondrial DNA from several other strains of T.pyriformis (Goldbach et al., 1977) . The size heterogeneity associated with the terminal restriction fragments R,, R8, H6 and H7 has also been observed in the mitochondrial DNA from other strains of this organism (Goldbach
